METHODOLOGY
The mathematical approach for the optimal fixture layout and clamping forces involves three simple steps. The flowchart of methodology is given in Figure 4 .1. The formulation of the objective function is the important step as the results wholly depend on it. Here, the fixture is optimized for optimal clamping forces and fixture layout simultaneously.
The program developed using Matlab 7.0 software is used to generate layouts and corresponding clamping forces. For each layout generated, the deformation value is calculated along with its respective clamping forces using the FEM software ANSYS 11.0. Finally the set of clamping forces and fixture layout which gives the minimum deformation is selected as the optimal one. 
ILLUSTRATION AND FORMULATION OF THE OBJECTIVE FUNCTION
The workpiece-fixture configuration for the end milling operation described in Figure 3 .2 of Chapter 3 is considered to illustrate the mathematical approach for fixture layout and clamping forces optimization.
Here the formulation of the objective function and the constraints that are involved in the problem are discussed. Also the steps in finding the optimal clamping force for a particular layout are discussed.
The different layouts and the range of the clamping forces are also listed.
Parameters Involved
In the fixture optimization problem, it is necessary to minimize the deformation in the workpiece. The parameters which influence the deformation of the workpiece are: 
Feasible Clamping Forces by Stick/Slip Conditions
However, clamping and locator reactions have to satisfy the stick/slip condition to ensure that the workpiece remains stable while machining without any slip. The stick slip conditions for the workpiecefixture system are formulated by the following equations.
Frictional force external force (machining force)
Only if the frictional force is greater than the machining forces along with the clamping forces, the workpiece will not slip out of the clamps. This frictional force can be ensured by the amount of clamping forces. Those equations which form the checking condition are presented in Equations (4.14) to (4.16). The Co-efficient of friction (µ) between aluminium (workpiece material) and steel (locator material) is 0.6 under dry conditions. The µ value is considered as 0.25 for safety condition.
In the X-direction
In the Y-direction
In the Z-direction
The layouts which provide the results that satisfy the above conditions are said to be in the selected feasible range. Only those clamping forces which satisfy the above equations are fit to be counted to find the deformation using its corresponding layout in ANSYS software.
Generation of Layouts and Respective Clamping Forces
The objective functions formulated are put in a program to generate different sets of layouts with their corresponding clamping forces and reaction forces at the supports. Then the deformation values of those layouts generated are found by using ANSYS software.
MATLAB 7.0 software is used to develop the required program.
The program is developed in such a way that the clamping forces resulting by solving the equations 1 to 12 are put to check with the stick/slip conditions and only those forces which satisfy this condition are taken into account. Such a set of results that are obtained as a result of the program are shown in Table 4 .1. The increment value is based on the number of intervals selected (100 intervals for this case). Thus the program solves each set of layouts, its corresponding clamping forces and the respective reaction forces at the positions of fixture elements. Then these forces are checked for the stick/slip condition and only then they are selected to find the deformation value by using FEM software ANSYS 11.0.
Optimum Fixture Layout and Clamping Forces
The different boundary conditions are given to the workpiecefixture system model and the respective deformation values are obtained.
Among all the deformation values, 0.059829 mm is found as the minimum.
Thus the fixture layout providing this minimum deformation is said to be the optimal one. Table 4 .2 shows the optimal fixture layout and its corresponding clamping forces. The respective workpiece deformations obtained from ANSYS 11.0 is shown in Figure 4 .3. The optimal clamping forces for the optimal layout are 186.34 N, 412.75 N and 26 .76 N for clamps 1, 2 and 3 respectively. So it is evident that the mathematically optimized layout yields the same result before and after the finetuning process and thus finetuning reports no improvements. 
CONCLUSION
In this chapter, a mathematical approach for optimum fixture layout and clamping forces based on the equilibrium condition of forces and moments to minimize the overall workpiece deformation has been proposed. The proposed approach is illustrated with a prismatic workpiecefixture model and the optimal machining fixture layout and clamping forces have been determined. By using stick slip condition and Coulomb's friction law the obtained clamping forces are checked and ensured that those forces are good enough to hold the workpiece without slip during machining. The final optimal model has the maximum deformation of 0.059829 mm. This is found to be the minimum within the boundary ranges considered. The optimal fixture layout which is found by using the above approach provides the near equilibrium state for the workpiecefixture system. It makes the resultant of forces and moments to approximately zero value. It further minimizes the dimensional and form errors of the workpiece system. The optimum clamping forces for the corresponding layout are the minimum forces, which are required to hold the workpiece without slip. Though many intelligent algorithms have been used in fixture layout optimization, the proposed approach is mathematically simple and easily adaptable for fixture design problems.
Thus the proposed approach can be applied to relevant fixture design problems and the overall workpiece deformation can be minimized. It leads to the minimization of dimensional and form errors in the components.
LIMITATIONS
In the mathematical approach, simultaneous increase of the values of all the layout variables is only possible. So the consideration of all possible combinations of design variables is not possible and finetuning of the optimal layout given by the approach does not yield better results.
To overcome this drawback, some nontraditional optimization tool can be used to find the optimal location of the locators and clamps.
